ABSTRACT. This study was conducted to evaluate the use of chromium oxide and the content of fecal nitrogen to estimate forage intake by female lambs on Italian ryegrass pasture. The pasture was managed under different forage allowances (FA): 6, 9 and 12% BW. The experiment was a randomized split-split plot design, in which the forage allowances were considered as main plots, the phenological stages as subplots and methods to determine intake as sub-subplots. Forage intake, in the ryegrass vegetative stage, is independent of forage allowance. Lower allowances limit forage intake from the pre-flowering stage, while at the reproductive stage, intake was lower in FA6, intermediate in FA9 and higher in FA12. The estimation of organic matter intake by lambs on Italian ryegrass is similar when chromium oxide and fecal nitrogen are used as markers. The forage intake according to forage allowances depends on the sward structure and is limited by high stem mass at the end of the phenological cycle.
Introduction
Forage intake is an important factor determining the performance of grazing herbivores through the ingestion of nutrients required for maintenance and production of these animals (Maggioni et al., 2009) . The determination of intake in grazing situations, however, has some limitations. In this condition, the intake cannot be determined directly and various techniques are used to estimate it, such as the use of internal and external markers, esophageal fistulas and assessments of feeding behavior. However, each of these techniques has its limitations (Maggioni et al., 2009) .
One of the techniques most commonly used to estimate the forage intake is based on the principle that the fecal excretion is inversely proportional to digestibility, but directly related to the amount of ingested food. Fecal excretion has been more often estimated with the use of external indicators and, among them, the most widely used by the Brazilian scientific community is chromium oxide (Cr 2 O 3 ), despite their known deficiencies (Carvalho et al., 2007; Zeoula et al., 2002) . On the other hand, fecal nitrogen has been recently used as a marker for estimates of intake and digestibility of forage Kozloski et al., 2014; Peripolli, Prates, Barcellos & Neto, 2011) . According to Peripolli et al. (2011) , the use of excretion and fecal nitrogen concentration can promote, with high accuracy, estimates of forage intake and digestibility. Among the advantages of this marker is that there is no need for Acta Scientiarum. Animal Sciences Maringá, v. 37, n. 4, p. 365-371, Oct.-Dec., 2015 dosage of an internal or external marker and did not require sampling of forage as grazed by the animals. This intake can be estimated directly by an equation already determined. Among the factors that affect the forage intake, the sward structure can be very important, thus the determination of a forage allowance that promotes better structure of the sward and better forage selection opportunity is essential to increase animal productivity in pastoral systems. The use of adequate forage allowance can turn the sheep production system on pastures into a more economical and efficient activity in the winter.
Recent researches evaluated the forage intake of sheep on ryegrass but using the agronomic method (Glienke, Rocha & Confortin, 2008; Roman et al., 2007) and with the double weighing technique (Camargo et al., 2012) . These studies did not analyze the relationships with forage allowance nor aimed to determine the better method for the forage intake estimation. This study was conducted in order to compare the use of chromium oxide and fecal nitrogen to estimate forage intake by female sheep on ryegrass pasture under intermittent grazing and managed under different forage allowances: 6, 9 and 12% body weight.
Material and methods
The experiment was conducted at the Federal University of Santa Maria, in the physiographic region called Central Depression, Rio Grande do Sul State, Brazil. The field evaluations were performed from June to October 2012. The soil is classified as Paleudalf (EMBRAPA, 2006) The treatments consisted of three forage allowance on ryegrass pasture (Lolium multiflorum Lam): 6; 9 and 12 kg dry matter (DM) 100 kg -1 bodyweight (BW) maintained by means of lamb grazing. The experimental area (0.6 ha) was divided into six paddocks totaling two paddocks per treatment, which constituted the experimental units plus a contiguous area of 0.4 ha for the put-and-take animals The experimental animals were Suffolk female lambs, with age and initial weight of eight months and 43 ± 4.6 kg, respectively. The grazing method was intermittent stocking and grazing interval corresponding to thermal sum (TS) of 250 degreedays, value corresponding to two phyllochron of ryegrass . Four occupations were set in each repetition area, which were characterized by the phenological stages of ryegrass: V1: vegetative 1 (6/24/-7/7); V2: vegetative 2 (8/7-18); PF: pre-flowering (9/4-15) and F: flowering (10/5-16). The period for pasture occupation plus the interval until the beginning of next occupation was considered a grazing cycle. The intervals lasted 31, 15 and 15 days, respectively, and during these periods, the lambs remained on ryegrass pasture. The first grazing cycle began when the forage mass (FM) reached 1.200 kg ha Lambs were weighed at the beginning and end of each pasture occupation period, following a six hours fasting from solid and liquid. The average daily gain (kg animal -1 day -1 ) was obtained from the weight difference between the weighing dates and divided by the number of days of the occupation period.
The stocking rate (kg body weight (BW) ha Forage intake was estimated, in each pasture occupation period, with the use of chromium oxide (Cr 2 O 3 ). This marker was used in powder form and encapsulated as an indicator of fecal output. Three test lambs per paddock were dosed manually, at 12pm, with 1.0 g Cr 2 O 3 per animal. The dosing period was 11 days, with three days for adaptation and eight days for collection of feces directly from the rectum of animals, according to the methodology of Kozloski et al. (2006) .
The chromium concentration in dried feces was determined by atomic absorption spectrophotometry (Kozloski, Flores & Martins, 1998) . The fecal output was estimated using the formula: FO = chrome administered (g day ) was calculated by the formula: IOM = fecal output/(1-forage digestibility) and from these data and the stocking rate, it was calculated OM intake as percentage of body weight (IOMBW).
In order to calculate the intake of organic matter of the forage estimated by using the fecal nitrogen (Nfecal), it was used the equations proposed by Azevedo et al. (2014) for each phenological stage of ryegrass. Fecal nitrogen (g day -1
) was determined by Kjeldahl's method (AOAC, 2005) , in the same samples of feces used for the determination of fecal output with chromium oxide. The amount of nitrogen was determined by multiplying this content in feces by fecal output.
From the hand-plucked samples of forage the nitrogen and neutral detergent fiber were determined (AOAC, 2005) . All samples were dried in a forced air ventilation oven at 55°C for 72 hours.
Data of pasture variables were analyzed in a completely randomized design with a split-plot arrangement. The forage allowances were the main plots and the phenological stages were the subplots. Paddocks were considered as repetitions. A mixed model was used with the fixed effect of forage allowance, phenological stages and their interactions and the random effects of the residuals and repetitions nested in the forage allowances evaluated.
The forage intake was analyzed in a completely randomized design, with a split-split-plot structure, the forage allowance as the main plots, the phenological stages as the subplots, and the methods to determine the intake as sub-subplots and the lambs as replicates. A mixed model was used with the fixed effects of forage allowances, the methods to determine the intake, the phenological stages and their interactions and the random effects of the residuals and lambs nested in forage allowances.
After testing normality of data distribution, the variables were analyzed using the MIXED procedure of SAS. We performed a structure selection test using the Bayesian Information Criterion (BIC) that best represented the data. Whenever significant differences were found, mean values of the allowances and phenological stages were compared using the lsmeans option at 10% significance. When there was interaction between allowances and phenological stages, it was broken down when significant at 10%. The variables were subjected to the Pearson correlation analysis and polynomial regression to second order according to levels of forage allowance evaluated.
Results and discussion
The herbage allowances observed were 6.6; 8.8 and 12.6% BW, which are values close to the required allowances of 6, 9 and 12% BW, respectively. There was no interaction between forage allowances × phenological stages (p > 0.10) for the allowance of leaf blades (LBA), but there was a difference for this variable between the evaluated allowances (p = 0.0195) and between the phenological stages of ryegrass (p < 0.0001). The allowance of leaf blades was higher (3.8) in the allowance of 12% (FA12), intermediate (2.3) in the allowance of 9% (FA9) and lower (1.8% body weight (BW)) in the forage allowance of 6% BW (FA6). The LBA was negatively correlated with the stocking rate (SR; r = -0.66; p = 0.0004) which, in turn, was negatively and linearly correlated with the forage allowances tested (SR = 4886.5 -263.9 FA; r 2 = 48.64%, p = 0.0002; CV = 27.69%). High stocking rates result in reduction in the green leaf blade biomass (Garcia, Carrere, Soussana & Baumont, 2003) .
Higher allowances of leaf blades (3.8% BW) were found in vegetative stages 1 and 2. This observation is consistent with the definition of vegetative stage as the moment in which there is greater emergence and expansion of new leaf blades. There was a reduction of 2.5% in the allowance of blades with the advance to the pre-flowering stage and lower LBA was observed at flowering (0.8% BW). Medeiros, Pedroso, Jornada, ) also similar between forage allowances.
The FM differed between stages of ryegrass (Table  1) and was positively correlated with the percentage contribution of stems (r = 0.78; p < 0.0001), which also differed between the phenological stages of ryegrass (p < 0.0001). The percentage contribution of stems increased by 26.9% from the vegetative stage 1 to flowering and this increase, at pre-flowering and flowering in ryegrass, was also accompanied by an increase in forage mass ( ), crude protein (CP, %) and neutral detergent fiber (NDF, %) at different phenological stages in ryegrass. The forage as grazed showed similar percentages of crude protein (CP; 19.3 ± 0.8%; p = 0.2427) and neutral detergent fiber (NDF; 59.4 ± 0.85%; p = 0.2529) when the lambs used ryegrass managed with different forage allowances. This characterized a similar diet selection by lambs when subjected to FA ranging from 6 to 12%. The ability of grazing sheep in maintaining the quality of the ingested diet, even under different stocking rates (Garcia et al., 2003) may explain this result, even if the FA6 presented the lowest LBA, which was 107 and 27.5% lower than the values observed in FA12 and FA9, respectively.
Items ----------Phenological stages
Higher crude protein contents were found in the vegetative stage 1 of ryegrass (Table 1 ). The crude protein content decreased by 35.5% from this stage to the others, which were similar (Table 1) . Changes in the chemical composition of the forage from the vegetative stage, according to Van Soest (1994) are due to reduction in the proportion of leaves in relation to stems and to the beginning of production of seeds by the plant. CP levels verified throughout the ryegrass cycle were not limiting for the development of lambs (NRC, 2007) , even if these values have been reduced by 35.6% from the vegetative stage 2 until flowering. Moreover, even the lowest content of NDF (55.2%) observed in vegetative stages 1 and 2 (Table 1) would be considered as limiting values to the intake for grazing animals (Van Soest, 1994) .
There was no interaction (p > 0.10) between forage allowance × phenological stages of ryegrass for the percentage removal of forage mass, mass of leaf blades and sward height. The negative linear relationship found between forage allowance and stocking rate led to different removals of forage mass (p = 0.0632) and leaf blades (p = 0.0929) according to forage allowances. The percentage disappearance of forage mass fitted a negative linear regression model depending on forage allowances (Disappearance of FM = 81.9077 -4,76FA; r 2 = 44.3%; p = 0.0007; CV = 32.9%), where the reduction of 1% in the forage allowance caused an increase of 4.7% in the removal of FM. Glienke et al. (2010) used different levels of defoliation (removal of 70, 60, 45 and 30% of biomass) in ryegrass pasture used by lambs and observed a reduction of 0.4% in biomass for every 1% increase in the intensity of grazing.
The removal of leaf blades was positively correlated (r = 0.65; p = 0.0010) with the stocking rate. The greatest removal of blades (74.8%) was registered when pasture was managed under FA6 and intermediate removal (63.7%) in FA9 and the lowest removal were recorded in FA12 (57.8%). The minimum number of animals in FA12 provided a higher percentage of remaining blades and this higher leaf area index could provide a faster recovery in the sward managed under this allowance. On the other hand, it could also be verified a higher senescence rate that would imply greater inefficiency of forage use.
The sward height ( 28.53%) a reduction of 4.1 cm for every 1% increase in the FA. The SH removal showed a negative correlation with the percentage contribution of stems in FM (r = -0.46; p = 0.0264). The increase in the contribution of stems, depending on the use of greater forage allowances, could have restricted the lowering of the sward height by lambs. These stems may have acted as a physical barrier to defoliation, as a vertical and horizontal barrier to the formation of the bit (Benvenutti et al., 2006) . The similarity in the percentage of forage mass disappearance at different phenological stages (Table 2) was probably due to higher values of this variable with the progression of the pasture cycle (Table 1) and to highest percentage contribution of stems in the FM. This disappearance probably corresponded to the layer of leaf blades present on the grazing horizon. In ryegrass subjected to grazing of sheep, this layer corresponded to 37.1% of the sward height (Roman et al., 2007) , a value close to the mean value observed of FM disappearance (Table 2 ). In addition, the percentage disappearance of FM showed a value very close to the grazing intensity (43%) recommended by Confortin et al. (2010) , for a balance between dry matter intake by herbivores and the accumulation of biomass in ryegrass under rotational grazing. The removal of leaf blades by ewe lambs (21.9%) was lower in the vegetative stages 1 and 2 when compared to the average removal (71.9%) in the other two stages (Table 2 ). This variable was negatively correlated with the allowance of blades (r = -0.62; p = 0.0019), which was reduced with the progression of the pasture cycle. This lower allowance of the component preferred caused the removal of more leaf blades in the stages of pre-flowering and flowering.
In the vegetative stage 1, the sward height removal was 31% higher than the average of the other stages (Table 2 ) and this variable was negatively correlated with the contribution of stems in FM (r = -0.46; p = 0.0264). Thus, the reductions observed in sward height were related to the structural changes occurring with the progression of the pasture cycle with increased contribution of stems, senescent material and inflorescences. These changes serve as a barrier to occur more intense defoliation by lambs. The contribution of stems in the FM ranged from 15% at vegetative 1 to 42% at flowering in ryegrass. It is expected that, with the increased contribution of stems, there is a reduction in the bite size, bite rate, and the forage intake rate (Drescher, Heitkönig, Raats & Prins, 2006) .
There was a significant interaction (p = 0.0390) for mass of stems (SM), forage allowance × phenological stages. SM was similar in the different forage allowances in the first three stages of ryegrass, with an average value of 438.97 kg DM ha Camargo et al. (2012) observed that in situations of lower intensities of biomass removal (30%), corresponding to forage allowance of 12% BW, there is no stimulus for ryegrass tillering from the vegetative stage, causing an early elongation of internodes. This may explain this accumulation of stems under situations of greater forage allowances.
In turn, no interaction was found (p > 0.10) between forage allowance × phenological stages of ryegrass for estimation of organic matter intake (OMI) of forage determined by chromium oxide and the concentration of fecal nitrogen. The intake values determined by both markers were similar (Table 3) and not different between forage allowances. Thus, both the chromium oxide as fecal nitrogen proved to be suitable for OMI estimates of lambs on pasture. Among the advantages of using chromium oxide as a marker are low cost, easy administration and relative simplicity of analysis required for its determination (Ferreira et al., 2009; Zeoula et al., 2000) . These authors report that chromium oxide and titanium dioxide are similar as markers and both can be used to estimate the individual intake of concentrate per lactating cows. There was significant interaction (p < 0.10; . According to Garcia et al. (2003) , grazing sheep constantly select green leaves blades in the grazing horizon and this intake similarity may have occurred due to higher allowances of leaf blades and lower stem masses observed at these stages. This allowed the lambs to maintain the preferential harvest of leaf blades (Table 2 ) allowing, even under management with different forage allowances, a similar opportunity of forage intake. ) by lambs in the different phenological stages of ryegrass under different forage allowances (FA). ). In FA6, even if the lambs have removed the highest percentage of forage mass, mass of leaf blades and sward height, this superiority was not enough to keep the OM intake similar to the lambs in FA9 and FA12. The OM intake by lambs was negatively correlated with the mass of stems when these have been managed under FA6 (r = -0.87; p = 0.0040) and 9% (r = -0.86; p = 0.0055). For forage mass similar between forage allowances, the increase in the number of lambs to maintain FA6 may have limited the individual intake of forage.
At flowering, the lowest OM intake was found in FA12 (Table 4) without difference from FA9, and this variable was negatively correlated with the mass of stems (r = -0.63; p = 0.0087). The large accumulation of stems at this stage of ryegrass complicates the selective action of animals (Pedroso et al., 2004) . Under situations of lower forage allowances (FA6), it was observed the highest OMI without difference from FA9 and, even at the end of ryegrass grazing cycle, the participation of stems was not enough to restrict the forage intake by lambs.
There was no interaction (p > 0.10) between forage allowances × phenological stages of ryegrass for OM intake as a percentage (%) of the BW and this intake was similar between forage allowances and stages studied (Table 4) , with an average value of 1.64% BW, 44.51% lower than the value predicted by the NRC (2007) for animals in that category. This difference may be because the recommendations of nutritional requirements for sheep, adopted in Brazil, have been developed in other countries and are not always consistent with the performance observed, since the nutritional requirements are influenced by several factors, including environmental conditions, breed (Resende, Silva, Lima & Teixeira, 2008) and management imposed to grazing animals.
Conclusion
The estimated intake of organic matter by lambs on ryegrass pasture is similar when using chromium oxide and fecal nitrogen as markers. Selection of the method to be used depends on the conditions available for analysis and determinations. The consumption of organic matter is dependent on the sward structure resulting from the use of different forage allowances and is limited under the allowance of 12% BW in situations of high mass of stems.
